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CONFIDENTIAL

Mcnthly Progrsses Report
November 1957

Task Ordor Noo 2
Contract No. RD~94

Audio Noise Reduetion Circuits

The objedt of this project is to develop a noise redustion circuit
.suitable for use 1n separating speech intelligence from a aignal containing
speooch and noise when the speech intelligence is masked by the noise. The
propcsed method invelves & principle whioh has been used successfully to
improve the signal-to-noiss ratio in musio reproducing or tranamission
system.l The systom ussd for musis containg bandpass filters vhich pass
frequencics over a range of an octave or less. These filters are used
at the input and cutput of a nonelinear eloment. The cutput of the non-
linear elemente contain the fundamental, and also harmonies and subharmonios
of the fundamental. Howovsr, since the pass band of the input and output
bandpass filters is no greater than an octave, the haraonlcs and subhkarmonios
are not transmitted by the system. Ths function of the ncn=linear element
is to rejoct all noise signals below a given amplitude or throshold level.
The threshold levels of the nonelinear devices in each chennel can be
adjusted so that, in the absence of desired signal, the noise is rejected.
When the desired signal is greater tham the threshold level, the non=lincar
elements allow the composite sipnal to pass. Thus, for passages of recorded
msic, when the musio asignal is below the noise level in a given frequoncy
channel, the chanrel 1s inoperative, ard its output is eliminated from tho
total output. Since the contributicn of this channel to the total output
would have besen only nolse, the over-all noise level is reduced. When the
music signal in a glven channol is greater than the noise, the channel
conduots and allcws the composite signal to pagss. Thus, a channel conducts

only whan the desired signal is greatsr than the noise, and rejects when

1. H.F. Olscn, "Electrcnics,™ Dec., 1947.
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noise alone isg proesent,

In order to apply this msthod of nolse reduction to speech, when
the wide band spesch signnle=to-ncise ratic is wery low, it was believed
necessary to find frequency regions in whioch the spesch amplitude is
greater than the noise. Although the long time everage spectrum of speech
is continucus, and aimilai' in ehepe to the spectrum of room noiae.z the
short time spectrum of wvariocus gpsech aouuds ocntains regions of maximunm
energy celled spoech formts.s The asswrption that this method of noise
reduction should be utilized for spssch mé based upon the bellef that it
viould be possible to find frequency regions in which the emplitude of the
spooch formonts would be greator than the nolsse a pubstantial part of the
time.

A study has bee# made to determine what bandwliths are required In
order to obtain sposoh formant amplitudes above ths nolse whan a wide band
speech cample is jJust intelligible in neise. It is known that for noisaes
wi'hb a continuous speotrum it is the noise componsnts In the immnediata
frequency region of tho macked tone which contribute to the masking.® When
& very narrcw band of noise is used to mask a pwre tone, the masking incroasses
as tho bandwldtk is inoreased until & oezrtain bandwidth is reached. Afier
this, as the bandwid'bh ie inoremased, the amcunt of nasking rorwins consitant.
This bardwidth at which the meaking reschos a fixed velue iz tLermed the

critical bandwidth.s Yoagurements have boen made ueing {iltere which were

2, H. Fletoher, "Speech sn:d Hearing on Communication,” Van Nostrand Co., Ino.,
New York, 1963 (see Figures 61 and 70). :

3. Opeoit. chapo 1.

4. L.L. Boranek, "The Design of Spaech Communioation Systoms," Proe. IRE,
VYol. 35, pp. 882, Sept., 1947,

5. NeR. Frenoch and J«C. Sﬁeinborg, "Factors Coverning the Intelligibility
of Spesch Sounds," Jour. Acouste Soc. Amor., Vol. 19, Jan., 1947,
(See Figure 7).
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both narrover end wider than the critical bandwidth. Both pure tones end
specch mixed with continucus speetrum type noises have besen studied. The
results of this study chow that, for the narrowsst permissibls bands whick
can bs used to pess speech formants,‘ the numbsr of times the specch formund
amplitude in & giver band exooéc;a the noise is small, A4Also, in these banda,
ths speech amélituda is never considerably greater than the néiso. Since
vory narrow btandwidths are required to rsduce the nolsze belcw the signal,
the number of bands required to cover the epeeoh_ s-peo'i;rum is gquite large.
There was no satiafactory way of svaluating the effect upor spsech
intelligonce of small contritutions from man& nerrow bands withoult building
a many channeled oircuit and evaluating it., A couplotz multi-chennel sysbem
has been developed in order to dotermine the effostivensss of this method of
improvihg spesch intellizibility in nolze. The mulii-chammel system
developed contains 110 charnels covaring the frequency rangse feosm 170 to
3200 opss The bandwidth and the threshold levol of each ohannel is
adjustadble. The 110 ohhnnela are arraenged on 1l cheassis with 10 channels
on each chassige

During Noverbey the 11 band paess filters were ocmploted end installed
in their rerpzctiive oheesis. The characlaristios of thovs band pams filters
aro shown in Figurs 1. A bleok diagram of the gomplete noi:ic rodwoiiw
system 1is shown in Figurs 2. 4 block diegram of one of the 11 chaasis is
shown ir Figure 3. The cowplets system has been installed In the yacks.
The 110 sdjustable narrow band filteén hod been previously adjusted to be
8 db narrower then the critical bandwldths of the ear. Under this condition
tho noiscs reducer hed not besn as effective as it had besn when the 110
bonds were adjusted 3 db narrower than the critical baﬁds. From & prelininary

test, the eddition of the 11 new band pass filters and volume compresso:s
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appears to have improved the porformance of the noise reducer. Seversl
different test conditlions will be tried in ordsr to cozpletsly evaluate

the noiso roducer in its present form.

Docomber 6, 1957
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